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ABSTRACT 

Acoustic Emission (AE) is a naturally occurring phenomenon whereby external stimuli , such as mechanical 
loading, generate sources of elastic waves. AE occurs when a small surface displacement of a material is produced. 
These AE are generated by localized sources within the structure, which travel through the interior of the material by the 
shortest path and get picked up by several AE sensors placed on its surface. The Acoustic Emission NDT technique is 
based on the detection and conversion of these high frequency elastic waves to electrical signals. These are accomplished 
by directly coupling piezoelectric transducers on the surface of the structure by means of a fluid coolant and are secured 
with tape, adhesive bonds or magnetic hold downs. The output of each piezoelectric sensor is amplified through a low 
noise preamplifier , filtered to remove any extraneous noise and furthered processed by suitable electronic equipment. 
This project aims at studying the behavior of carbon epoxy composite materials, under loaded condition that tend to fail 
mainly by the following modes, namely, matrix cracking, de-lamination, fiber breakage. The specimens are tested using 
the acoustic emission technique and sufficient amount of data is acquired from the acoustic emission equipment. 
Data acquired is processed using MATLAB and various plots are then plotted. The plots between various acoustic 
emission parameters obtained during the experiments were analysed to understand the process of failure in carbon- 
epoxy composite plate under tensile loading. Further the technique is applied for other specimens and data acquired is 
analysed to come to a strong conclusion about the behaviour of composites using the acoustic emission technique which 
proves to be a powerful NDT method 
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INTRODUCTION 

Detection and analysis of AE signals can supply valuable information regarding the origin and importance 
of a discontinuity in a material. Because of the versatility of Acoustic Emission Testing (AET), it has many 
industrial applications (e.g. assessing structural integrity, detecting flaws, testing for leaks, or monitoring weld 
quality) and is used extensively as a research tool. Here the acoustic emission testing is done on composite material 
specimens’ carbon-epoxy type to understand their behaviour when subjected to tensile loads. The data acquired 
during the specimens are analysed and various results are obtained that provide valuable information 

Acoustic Emission 

Acoustic Emission refers to the generation of transient elastic waves during the rapid release of energy 
from localized sources within a material when it is stressed. AE occurs due to external stimuli, such as mechanical 
loading. When there is a rapid release of energy in a material, or on its surface. Transient elastic waves are 
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generated that produce sound and ultrasound 

Acoustic Emission Testing 



Figure 1: AE-Sensor 


The Acoustic Emission NDT technique is based on the detection and conversion of the high frequency elastic 
waves to electrical signals. This is accomplished by directly coupling piezoelectric transducers on the surface of the 
structure under test and loading the structure. Sensors are coupled to the structure by means of a fluid coolant and are 
secured with tape, adhesive bonds or magnetic hold downs. The output of each piezoelectric sensor (during structure 
loading) is amplified through a low-noise preamplifier, filtered to remove any extraneous noise and furthered processed by 
suitable electronic equipment. 



Figure 2: AE Device Figure 3: AE-Win 



Figure 4: Acoustic Emission Testing Workstation 
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AE Sensors 

Purpose of AE sensors is to detect stress waves motion that cause a local dynamic material displacement and 
convert this displacement to an electrical signal. AE sensors are typically piezoelectric sensors with elements made of 
special ceramic elements like lead zirconatetitanate 

Source Location Using Acoustic Emission 

Linear location is often used to evaluate struts on truss bridges. To calculate the distance of the source location, 
the arrival time is multiplied by the wave velocity. 

Source Location Using 3 sensors 



Figure 5: Two Dimensional Source Location 


Three sensors are used to locate a source to a point by intersecting two hyperbolae using the same technique as 
two sensors 



EXPERIMENTAL SETUP 

The experimental setup comprises of a universal testing machine which holds the specimen. 
A tensile test is carried out using this machine. Sensors are placed on the test specimen, which are connected to the 
acoustic emission machine through probes. The AE machine acquires the data. 
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Figure 7: 45 deg. Carbon Epoxy Specimen 


Figure 8: Unidirectional Carbon Epoxy Specimen 



Figure 9: Failed Specimens 


RESULTS AND DISCUSSIONS 
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Figure 10: Specimen Characteristics Compilation 
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Data Analysis 



Figure 14: Load vs Hits 


The above figure shows the comparison between the hits vs load for UD 26 and 45-2 specimens. The hits acquired 
in the ud specimen are far greater than the 45-2 specimen. 



Load(KN) 


Figure 15: Load vs Amp 


The amplitude increases, then decrease and then increases to a very large value where the specimen breaks. 
The amplitude rise in the first segment signifies matrix cracking and then a significant zone of silence showing 
delaminations and when the fibre breakage with a very high amplitude. 
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Figure 16: Load vs Amp 


The left figure is for ud and the right for 45 degree specimen. 

The plot is scattered all over showing weak nature of the specimen. Whereas, matrix cracking and fibre breakage 
zones are clearly seen. 



Figure 17: Load vs Frequency 

Frequency vs load plot for udspecimen. The plots are similar to the amplitude graphs. 



Frequency vs load plot for 45 degree specimen 
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Time(sec) 


Figure 19: Time vs Frequency 

The figure shows the plot between hits and time for anud specimen. Channels are the different sensors that detect 
the emissions. The plots are similar showing that any channel detects almost the same data, which can be utilized for 
analysis. 



Figure 20: Time vs Frequency 


The hit rate is the no. of hits detected per second. The maximum no. of hits are observed for channel 1 at time 400 


sec. 


This also shows that more no of hits are obtained at matrix cracking stage and even more at the later part where 
fibres tend to break. 



Hits 

Figure 21: Duration vs Hits 
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Hits 

Figure 22: Duration vs Hits 
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Hits 

Figure 23: Duration vs Hits 


From the figures it is observed that for all the channels 1, 2 and 3 the duration is higher at the end. Signifying 
stretching of the fibers relatively producing the larger duration waves. 


CLASSIFICATION OF ACOUSTIC EMISSIONDATA 

Understanding Graphs using k-Means Method 



AE Energy AE Counts 


Figure 24: Amplitude vs. Energy vs, Count 45_2_1 
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Understanding Graphs using the SOM Clustering, Network 



Figure 25: Amplitude vs. Energy vs Count 45_4_1 

CONCLUSIONS 

This study produced a number of important results for the understanding of both the analysis of acoustic emission 
signals from composite damage as matrix microcraking, matrix/matrix friction, fibre / matrix friction and fibre breakage. A 
no. of experiments was carried out to successfully correlate the results that helped determine the behaviour of composites. 
Good amount of hits data was obtained. The frequency plots showed a common trend and a good range of frequency 
values was obtained. The amplitude and load data were successfully plotted and showed three distinct regions clearly that 
is matrix cracking, delaminations and the fibre breakage. The hitrate for different specimens was successfully analysed. 
The cumulative plots also showed a good trend in their behaviour. MATLAB was used extensively to import the data and 
group it accordingly and procedures were adopted to implement programs that considerably reduce time and effort. It 
proved to be very useful in analysing data and plotting different graphs. The classification of the acoustic emission data 
was successfully performed using the k-means method, self-organized maps and the competitive layer neural networks 
methodology. 
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